Tracheal Lesions Following Tracheostomy
Tracheostomy is being performed with increasing frequency, especially on critically ill patients in intensive care units. Several complications of tracheostomy are recognized, including infection, htmorrhage, crusting of the tracheostomy tube, pneumothorax, tracheo-aesophageal fistula, tracheal dilatation and stricture. Most of these complications occur while the patient is in the intensive care unit and are therefore readily recognized and dealt with. However, as is indicated by the reports of Atkins (1964) , Binns (1964) , Deverall (1967) and others, and the cases reported below, tracheal stenosis may develop some time after the patient is discharged from hospital and may not be immediately recognized.
Case 1 Man, aged 20 Involved in a road traffic accident, sustaining a severe chest injury. A tracheostomy was performed and he was ventilated mechanically for twenty days. Apart from the somewhat prolonged period of ventilation required, his stay in hospital was uneventful. Three months after discharge from hospital, he was admitted to a respiratory diseases unit with acute dyspncea, and a provisional diagnosis of status asthmaticus was made. He had suffered from asthma as a child but had had no asthmatic symptoms for many years. As he failed to respond to bronchodilators and steroids, bronchoscopy was performed and this demonstrated a stricture of the trachea 3 mm in diameter at the level of the old tracheal stoma. The patient was treated by repeated dilatation of the stricture, and after six months became symptom-free. Case 2 Man, aged 42 Received multiple injuries in a road traffic accident, including bilateral rib fractures, fractures of the maxilla, mandible, forearm and pelvis, and rupture of the spleen. The injuries received appropriate treatment including tracheostomy and mechanical ventilation which was carried out for twenty days. During the later part of the treatment it was noted that increasing quantities of air were required to produce an airtight seal by the cuff of the tracheostomy tube, and marked dilatation of the trachea was apparent on chest X-ray. One month after leaving hospital, he was admitted to another hospital with severe stridor. Bronchoscopy revealed a trachea narrowed to a diameter of 3 mm at the level of the old stoma. Excision of the stricture was carried out, supplemented by repeated dilatation of the trachea to abolish the patient's symptoms.
These cases raised the question of the frequency and severity of tracheal narrowing following tracheostomy. The following investigation was carried out to determine this and to identify possible causative factors.
Investigation
Patients: Fifty patients aged from 6 to 75 years who had been treated for chest injury in the assisted ventilation unit (AVU) at the Royal Infirmary, Edinburgh, were examined one to six years after discharge. All patients had had a tracheostomy and intermittent positive pressure ventilation (IPPV). The average duration of treatment in the AVU was three weeks and the median duration of hospital stay was six weeks. Methods: The patients were questioned for symptoms referable to the respiratory system and were examined clinically. The forced vital capacity (FVC) and the forced expiratory volume in one second (FEV1) were measured using a timed Palmer spirometer, and the forced inspiratory volume in one second (FIV1) on a timed Palmer spirometer modified for inspiratory flows. The trachea was X-rayed by the technique described by Maguire (1966) . This employs a high (150 Kv) source and 1 mm brass filter which gives a clear outline of the air-containing structures with little interference from superimposed bone.
Three postero-anterior views were taken, one during phonation and two during performance of the Valsalva and Muller manceuvres to demonstrate mobility of the tracheal wall. When a lesion was seen its distance from the vocal cords was measured and the diameter of the trachea at the lesion was expressed as a percentage of the normal diameter. Chest films taken during treatment were examined. The levels of the stoma and tracheostomy tube cuff relative to the vocal cords were noted. The diameter of the cuff was Patients measured and distension of the trachea at this point noted.
The patient's records were examined for duration of tracheostomy and IPPV. The type and size of tracheostomy tube, the presence of infection, and the frequency of bronchoscopy and tracheal suction were noted. Results: All tracheostomy wounds were well healed. One patient had had a persistent sinus which had required surgical closure. Eleven patients had the clinical signs of obstructive lung disease, which with their symptoms indicated that they suffered from chronic bronchitis. Six normal patients were X-rayed and the width of the narrowest part of air column in the larynx measured. This varied between 65% and 80% of the tracheal diameter. On this basis it was felt that any trachea narrowed to less than 60% of normal was significantly narrowed. Using this criterion 17 patients (34%) had significant narrowing. Fig 5 shows the distribution of lesions plotted against their distance from the vocal cords. Also shown are the ranges of position of the stoma and cuff. All but 2 patients with lesions at 70 mm had lesions related to the stoma.
Mobility of the lesions was assessed by comparison of the films taken during Valsalva and Miiller manoeuvres. Three patients demonstrated a difference of more than 2 mm in the two views. The greatest change noted was 7 mm (Fig 6) . with tracheas narrowed to less than 60% ofnormal.
Hatched area represents normal rangefound by Engstrom et al. (1964) The FEV1 was expressed as a percentage of the FVC (Fig 7) . The majority of patients with low values had evidence of chronic bronchitis.
The FIV was performed because it has been suggested (Engstrom et al. 1964 ) that in tracheal stenosis the FIV is reduced to a greater extent than the FEV. Fig 8 shows a plot of FIVI against FEV1 in the 17 patients with significant tracheal narrowing. If the patients with chronic bronchitis are excluded the remainder fall within the normal range found by the above authors.
Causative Factors
Type of tracheostomy: Little information was available on this; the tracheostomies had been performed by many surgeons and the precise technique used was not always noted. Most were made through a transverse skin incision with removal of a segment of the second and third tracheal rings. In some a Bjork flap (Bjork 1960) was fashioned and in others no cartilage was removed. Duration of tracheostomy: The 17 patients with significant tracheal narrowing had a mean duration of tracheostomy of 19-4 days compared with 16-1 days in the remainder. This difference was not significant. Type of tracheostomy tube: During the period of review three different tracheostomy tubes were Table 2 shows the number of patients with significant tracheal narrowing and the total number in each of the five yearly periods under review. There is no evidence of narrowing progressing with time beyond one year. Table 2 Relationship between length of timc since tracheostomy and incidence of significant narrowing of the trachea Time since tracheostomy (years) 1 2 3 4 5
No. of patients treated 12 9 14 9 6 No. ofsignificant lesions 4 4 4 3 2
Infection: Forty-four patients had organisms grown from the tracheal wound or secretions, and 34 required antibiotics. The commonest infecting organisms were Staphylococcus aureus in 28 patients and Pseudomonas pyocyanea in 14 patients, with pneumococcus and Hamophilus influenzaw in 10 each. Table 3 shows the findings in patients with Ps. pyocyanea infection. Binns (1964) has already stressed the importance of pseudomonas in perichondritis. There was no association between the presence of lesions and infection with other organisms. Cuff distension: One of the 2 patients with lesions at 70 mm from the vocal cords had significant tracheal narrowing; part of this patient's ward chest X-ray is shown in Fig 9. Over-inflation of the cuff severely distends the trachea and partially occludes the lumen of the tube. It proved difficult to visualize the cuff on many of the ward chest X-rays. proportion of the patients, the results suggest a strong association between cuff distension and significant tracheal narrowing. The relation between distension of the cuff and lesions at the stoma is not clear.
Chronic bronchitis: Table 5 shows the relationship between chronic bronchitis and significant tracheal narrowing. There is a strong positive association. The factors involved probably include strain on the healing stoma from repeated coughing and a background of low grade infection. Table 5 Relationship between incidence of chronic bronchitis and incidence of significant narrowing of the trachea. P= <0 01 
Discussion
Tracheal stenosis is a well-recognized complication of tracheostomy (Binns 1964 , Atkins 1964 , Murphy et al. 1966 , Deverall 1967 , Johnston et al. 1967 ). Aboulker et al. (1960) report a frequency of 3 % in a series of 680 tracheostomies.
They also indicate that a considerable proportion of patients develop subclinical narrowing. The present investigation has confirmed this. It is difficult to know when narrowing is of functional importance. For the purposes of this study a trachea which was narrowed to less than 60% of its normal diameter was regarded as significantly narrowed. Narrowing probably has to be much more severe than this to produce symptoms;
published cases of stenosis where the diameter of the stricture is quoted, and our own observations, indicate that severe symptoms occur only when the diameter is reduced to 6 mm or less. The narrowest trachea in the current series was 8 mm and this patient was symptom-free. Tracheal stenosis may occur in the subglottic region, at the stomal site, at the level of the cuff, and below the tube. The cuff is usually regarded as the common site (Johnston et al. 1967 , Deverall 1967 , Grillo 1969 . Pearson et al. (1968) have, however, recently performed a prospective study in patients following tracheostomy with similar results to those presented here. The two cases of stricture that we have reported were at stomal level and this is the very level at which we have shown a range of subclinical narrowing. This strongly suggests that stenosis is the extreme of a range rather than an abnormal response. If this is so then the causative factors we have identified can be regarded as of importance in stricture formation.
There can be little doubt that the causes of tracheal stenosis are multiple. Suggested important factors are: the defect in the tracheal wall at the stoma; distension of the cuff (Murphy et al. 1966) ; infection, particularly with Ps. pyocyanea (Binns 1964) ; toxicity of the tube materials (Lunding 1964 , Guess & Stetson 1968 ; and the trauma of repeated tube movement during IPPV. Atkins (1964) has emphasized that severe symptoms may appear a considerable time after the tracheostomy has healed, and the cases presented in this report support this. Any patient who has had a tracheostomy and who develops respiratory difficulties should be considered to have tracheal stenosis until this is excluded. The radiological examination outlined above or even a plain film of the neck will usually indicate the diagnosis which may be confirmed at bronchoscopy.
It is difficult to suggest absolute preventive measures. It would seem reasonable to suggest that, before any tracheostomy is performed, careful consideration is given to the possibility of managing the patient by naso-or oro-tracheal tube, bearing in mind the risks of this procedure (Bryce et al. 1968 ).
The arguments against tracheostomy would be even stronger in the patient with chronic bronchitis. Cuff inflation is obviously of importance but it is difficult to know whether to inflate once carefully and leave inflated or to deflate regularly with the risk of repeated over-inflation. The use of a double cuff or varying cuff position appears attractive but Grillo (1969) has described a long stenotic lesion of the trachea from a double cuff. The prompt and effective treatment of Ps. pyocyanea infection deserves attention and for this we have found carbenicillin solution instilled into the trachea to be of value. 
Etiology of Tracheal Stenosis

Following Cuffed Intubation
We have been fortunate at the Manchester Royal Infirmary in that our experience of tracheal stenosis following tracheostomy has been limited. The seriousness of the condition, however, prompted an investigation by Dr G T G
Knowlson.
By chance some extra conclusions can be drawn from this investigation, since the studies were made after we had started using a latex Oxford type cuff. The tube is easily distensible and long, but difficult to anchor securely. However, all our clinical cases occurred three years ago when we were using a stiff PVC tube with a small, firm, spherical cuff which by virtue of a large flange was easy to anchor.
Tracheal obstruction can develop at three levels: at the stoma, at cuff level and at the lower end. Stomal granuloma occurs early in the healing phase and is easy to treat. True stenosis involving the tracheal wall develops later, at least six weeks after intubation.
At the start we accepted the general view (Cooper & Grillo 1969a , b, Gibson 1967 ) that tracheal strictures were caused by cuff-induced pressure necrosis. There is no doubt that this does happen, but cuff overdistension must be gross, as under experimental conditions. It is doubtful whether it is the complete explanation, when cuffed tubes are carefully managed.
